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fbs writer wee born la t. -joais, Missouri, IS April 
1*20, anil lived there ana in Kansas City, fleecer 1, for six 
years before be moved with bis family to lalias, Texas, 

He received aie elementary training at the Armstrong 
School anu aie secondary training at too Highland .arc High 
cobool in Dallas, He attended The a ice Insltate at Houston, 
Texas, from which ho receiver the degree of Bachelor of clones 
in Chemical engineering in April, 1 * 43 , 

Iaaodiately upon gr&au&tion from The Aiee Institute, he 
went on active duty with the Jiaval Reserve, serving eighteen 
•jatno in the -nrsnall Islands* He returned to the United 
a totes to entar the United States Kaval Academy postgraduate 
course In Ordnance engineering Uxplosives) at inmy oils. 

The extension of tnls course is now in progress at Cornell 
University* 
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Bufor# tot* entr tnce of tb« Wnitsc otAtos into Torld ar 
XI t aitrat ion-grade toluec* t tolaane) was obtained in 
roletively sa&ll quantities from numerous oo*co-ov«n operat- 
ions turougaout tne country. ' J Because this production «as 
a by-product ralateci to tha mining and utilisation of coal, 
it was impossible economically and quicciy to increase to in- 
crease tit quantity of toluene from this source. I ho entire in- 
tegrated process for matting syntactic nitration-grade toluene 
from petroleum hod been worked oat by 1940.^ ?he Baytown, 
Texas, refinery of The Humble Oil and -defining Company was the 
first plant to product synthetic nitration-grace toluene on a 
commercial scale from petroleum. In the year after m’earl 
iarbor, this refinery supplied over half of the toluene used 
in America to «*«•* trinitrotoluene l SI?}. 

She toluene production before *-orlu War 1 was less than 
a million gallons annually (U. »>. Bureau of Wines data) since 
by-product coding eras practiced to a limited extent only* By 
Ibid too production was almost nine million gallons par year. 

In the year after World <nr I, production dropped to one or 
t»0 million gallons annually and then rose steadily until 
it «as about thirty million gallons for 1S4G. 
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Oruce petroleum of tn* t yp# available daring or la ar 11 
contains roughly half of on* per cent of toluene, although the 
content of some orudes It at high at ant or two per cent. To 
provide to* necessary nitration- grade toluene above that avail- 
able) froa the coal-tar industry, by extracting too natural tol- 
uu <2 present in petroleaa crude a, it would be noosssory to pro- 
cess in a special manner ntarly one- third of all the crude 
naphtha produced in this country. Therefore, the production 
of synthetic toluene bosks d the only promising alternative. 

To bridge thegap between the pre-war supply of toluene 
froa the coal-tar industry sync the ueo&na for over two hon- 
ored million gallon* required annually for war-time operations, 
the catalytic oydroforaiog process, developed by tandara Oil 
of fcew Jersey and tee S* W. iellogg Qospany In peacetime 
primarily for the desulfur is&tlon and octane improvement cf 
motor gasolines, was iessnalttely available for the production 
of synthetic toluono from selected petroleum fractions. 

The cradicea products of the older labbs and other thermal 
cracking units wers not very high in aromatic content ana 
therefore did cot lend thetas# ives to the further production 
of toluene on an economical basis. The cracked products from 
cattily tic crocking chambers , on the other hand, can bo made 
rich in aromatics by suitably adjusting the c?ae«cing conditions. 
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fhs se ar# tb« only large seal* soaroas of toluene touny* 

XAxa.u. or soieur ^ 241 

lolusna, or toluol. Is methyl bsnaene or phony 1 eethaac* 
it Is a colorists, inf lacsaabla liquid with a high rv fr&ctive 
index. *» an aromatic hydrocarbon, it mis excellent anti- 
Xaoc« properties. Its boiling point is variously oseori&oc 
as being b t voen 110. J° and llG.fc 0 C, while its freezing point 
is - b£«4 4 0* toldsaa has a aolecudlr treigbt of S2.0& and its 
•poelfio gravity is 0.S7Q8. 

toluene resemble* ban* a no in sa ny ways, although it 
differs from it somewhat in combustion phenomena at high 
pres • urn »* rreftaacv of a alee chain in the toluene nuolea* 
facilitates oxidation, but also gives rise to complications 
cue to ita simulatana as oxidation with the nucleus, thus it 
has been found that benzyl alcohol, bonaalduhydo and bensoio 
acid aro foraea as too result of a eida-ebalc oxidation, 
together wita 2-4 dihydroxy toiu«n» and other aromatic di- 
hydroxy derivatives. 

toluene differs froa beasene in that there is a vail de- 
fined induction period proceeding reaction and it is easier to 
control subsequent oxidation to produce considerable quant- 
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lties of one or tbe othwr intermediate yroduots* For ox- 
ample, hi£h treasure, togot.-i*r with the excess -f the hydro- 
c«*.rooD, favor survival of tue alcohol, while a progressive 
increase la the oxygen conoentrati jd causes tic reaction to 
proceed at first aaljuy to toe aloebyoa stage and then to 
benxoio acid* dy careful control it is found possible, even 
la the static system, to obtain yields of aroraatie derivatives 
representing acre town seventy per cent of the toluene con- 
sumed* 



QCOU StR_.SC * OF YOiU^a If? XlTmiZU'A 

toluene is present as such in tom crude petroleum, 
and cun toe recovered directly toy distillation* the non-waxy, 
high-gravity crudes of Sorneo have a olgh arotstio content* 
Jonaone, toluene and higher homo logs* naphthalene derivatives, 
cyclic hydrocarbons, docaline and to tr aline are present* 
ftoe crudes contain about equal parts of aromatics (largely 
toluene i, naphthalenes and paraffins* She toluene fraction 
of iJorneo crude was used for manufacture of *S? during World 
•nr 1 not only In England, tout also in franca, Holland and 
dor many# a» early as ldC6, it had been discovered, that tie 
volatile fractions (3&° - 60° 0) of doraeo crude contained 
also naphtha lose s and unusually large quantities of aromatic 
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hydrocarbon s* amounting to as nuco as forty par otmt and 
identified as baasenw* toluene and ast* xylsnc* At first 
tills high aromatic contact renuoret tha aornso crude of lo* 
oostacrciai valuo, but later it prove c to be of graatsat im- 
portune » to t he Sritieh ijsptro as a source for toluene for 
tbs i : ortsri*aa TJST plant* '.‘bo bornoo ors4;> isportefi into 
jcglarsa at that tiw* baa a »,«clf ic gravity of 0*733} twenty 

o 

par cent distilled color 100 C* She or a tie 9 contained seven 
psr cent of bonxene, fourteen per cent of talaenft* fifteen 
par cent of xylenes a no four percent of aigoer aron&ties. 

A similar ratio of banssna, toluene and xylene exists in 
tau oroxstie hydrocarbon content of so jo Iranian crudes* 
ioao .umaisu crudes are also rich in aro:aati©s* 

Cotopounus present in erode naphtha can bo classified as 
paraffins* naphthenes i cyclic paraffins) and cro ss tics. 
&&pbtb«mes my contain rings of either five or six carbon 
atoms* for many year# it has been cao*n that with the aid of 
dehydrogenation catalysts* na hthaner. containing six carbon 
atoms in the ring and normal paraffins could be converted 
to arossaties, but processes using these o-vtiiysts bad never 
bacons commercial because tns catalysts rapid. y becase in* 
activated by fouling end coxa deposition* Tabic I* page 7, 
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givt*a U)fi ana tmtaji cy clan exact content* of r©*-- 

resentative American oruhee* 2n* volaiex per cant of methyl 



7A*1S I^ 101 

loiuune ana methyl cyelohex&ne plue 
©thyl cyclopentane contents of rap- 

r. Bant&tlto laario&n crudes leoioa© 

per cant ) 



Uraqa 


SalatM 


mm 


loxa* Coastal 


0*03 


1.2 


Conroe 


2.00 


2.5 


last fexas 


0.40 


1.7 


Aettletasu Hills 


0.70 


2.1 


Midway light 


0.02 


0.52 


north Sweden fixture 


o.co 


3.7 


«?aKhar.iii» 


0.22 


2.3 


feet a 


0.03 


1.0 


Mef agio 


0.26 


£.9 


Celt flat regions 


0.19 


1.5 


Canta «&.ria 


0.15 


0.79 


lugarlaah 


Oil 


1.0 


iombaii Mixture 


1.10 


2.1 


2 no# ley 


0.05 


0.65 


Seat Texaa 


0.50 


1.8 



cyclohexane reported includes also ethyl cyelcpentant. inei- 



oatioa* are tnal « Uxyl cyciopantdaa ;say oo^risd bet /roan f if- 
Vsaa an 3 ti¥'»sty j«r e«at of toa total satiyl cyclohoxano (UCH) 
•tfjyl cyolopantaae Is.Cl’) aixtura.^ 0 ^ Thin tabla will b* r*r 
ferrsti to lat*r in connastlon with tbe discussion of ;a#tbyl 
cyclohaiaco &a souroe of toluene* 
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paoiucTDK coy sc*. 

Inca straight thermal crocking gives only very low 
yielae of toluene, it bu little importance as a source of 
this material* toluene from petroleum is mace by catalytic 
cracking* "be catalytic process may be classtf led into f lxsc- 
beu anu iaovlug-oau reactions, fo tbs former class belong tbs 
olasr xloutlry process* toe newer hydre forming process* cyclo- 
vsrsio* ana various otnsr minor variations of tb«aa* To the 
latter class belong t-sa nor procossae snows respectively as 
tus tber of or catalytic orsCSing (TOO) process ana the fluid 
catalyst process* 

tm first commercial ct taiytio cracking plant was placets 
on stream at tbs faulsboro* Sew -Jersey, refinery of lae ocony 
Vacuum Oil Company* in ls*3a* using toe iioudry process* this 
was too only catalytic erecting process in coar# ratal operation 
when t»e unite c States ontereo World War XI* Of the three 
major catalytic craccing processes (Houdry* fluid and TOC) the 
Houury precass represents soma twenty-nine per cent of tbo 
total catalytic obawber volume* while the fluid process re- 
presents fifty psr cant and too tnarraofor process, thirty-one 
per eent*^* She cycloversion* tbemofor and f laid processes 
all rescued commercialisation after enrl Harbor. 
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ib« many axt toons cmlcu have boon aescrlbsu in tn« liter- 
ature for the manufacture of toluene represent a wide cover- 
age of the field of synthetics, uob isstbous, older then 
those ulcussed above, include the dehydrogenation jf relative- 
ly pure methyl cycloaex&no' A * * , tho simultaneous de- 

hydrogenation end cyolixatUm of norra.! heptane^* 7 » 8 * 
a*, Id, *?, aO, 1j, -2)^ tao mixing u f joothsao and besaene in 
the preoenoo of o&talysta at high temperatures m.& prseeares^ 2 *^ 
tto treatment of phthalio acid or psthalie snhyart da with 
hydrogen at raised temperatures mid pressure* in the presence 
of Catalysts' 26 the formation of toluene and other liquid 
hydrocarbons from acetyleaa which has been subjected to ignro- 
genetio conversion in the presence of aycrog«sn Ubi , and many 
ethers* 

A brief discussion. of ta* more important catalytic pro- 
cesses ic gives bo low* followed by a brief resa«4 of some of 
the various catalysts used* 
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The douury yr^oous first c&d® to general notice when a 
former French aatobaocer , dogjaa doucry, one bis associates 
presented a paper oa tbs catalytic processing of hydrocarbons 
before the Kovsabor, 1236, casting of ths merles* Petroleum 
institute* Frovlous to this announotjmnt, tba process had 
gone through a long period .f devalopaant, dating bacc to 
as early as 1224* Ths first coaasrcial plant using ths 
Houory process was pat into production at the Taaiaborc, l$o* 
Jersey, refinery of the iocony Vaeauu oil Company in 1236* 

The Moadry Catalytic Or acting process involves m-ireiy 
th© passing of hydrocarbons through a fixed catalyst bad 
contained in tae so-called catalyst or reaction "essos"* 
fhis processing of the hydroo»rbo ns is usually performed in 
the vapor phase, although this is not no co scary* The Houdry 
process is based on thro# groups of interrelated inventions. 
These comprise, first, the catalysts t xnaselves (discussou 
latar, so® ‘'Catalysts'*, page 64), second, the apparatus in 
which the crude stoofc anu the catalyst are brought into con- 
tact, ana third, the method* and manipulations by aioh too 
catalyst reaction is induced and controlled* The commercial 
success of the process depends on the proper functioning of 



11 > 



\. 

■ - . » .'I • . , • l . . 

’ 

- • • , . . . ..4 

, 

• • • ' . . • • 

. . 

• . * • f . i- v 

. I - • •. • , • 

..... • , , • - • 
- . «. . • 1 . S*.-*. , 4 » 

*1 >.~+. . a| ■ > M • • -v *» • Xfi 

•Vs It 

• 

■ * i • :• • . * - : 

• I- .s ^ . . . * • • . 

xwi — I / Si .• 

m t •*#•- * r mm ***•• «v% i / i 

. | * * • * . 4 . 1 .**... . • -L I • * 






th« catalyst, tax reaction vessels and t no controls* 

Actually, catalytic ryssarc.5 bad boon increasing on a 
*flu« scale until lill xbea ruost petroled* interests ware try- 
ing to find a catalytic matted to replace tat? thermal oracic- 
i«g procssses which war* rather wasteful,^ 2 ® bat the solving 
of the *uin probluas by £uge&e 2oudry open oc up th* field for 
later advances* fixe b&cio principles of itoadry** original de- 
sign wax's not chan^ad until after th* beginning of .’or Id nr 
11 anu the subsequent aeeelor&tiou of r«»*»rcii. Until th* 
douury process eras placed in operation, th* problem of catalyst 
regeneration baa not been euooos&faily salved* 

2be Houdry process iavolves passing a stream of hot hydro- 
carbon vapor, with u small asount o«f steam to assure tbo mint- 
alning of the vapor mixture above its ces point in tas r&aotor 
casus, through the eatelyst cases, collecting and separst leg 
toe catalysed products and regenerating th® catalyst when its 
activity Sac began to drop* >ispl® as It may sound, this oper- 
ation presented serious mec&snioal and construct! >nal diff lol- 
lies. 2hs cirouastaaces to which a Uaubry catalyst case must 
eoafcrri are exacting* for efficient crac icing la* oil vapors 
enter the reactor eases at & temperature of about 640° F* 
luring the creoxiag, carbonaceous deposits »a cumulate. S*beso 



. 



, ' • * $ • i uj 



•* • * • ,| 

, Mi 

' ’ t . . 

• * V .. - - ■ 

‘ • • * ■-* * ... . «. .Jj.% 

- » ; *«- . - , .... j * . 4 *.,jw »■ . .. . A | 

”• |k*i «j * n . «t t '•»*'>» . # ••••a », rv*i.i # 

14*.#. .4 rw i *,i n 



1 — . , . , ' . . • «..-*»* . . . Iv ,H 04 

•' * ' ' • • ■ • 

"*A ► *• * ui y<|w«»ifi i 4w UMfc^ .«• «4 

* • • • *■■■• 1 • * < - — 



•- 4 ._ 4 ..,-V , .. .... .. , 4 * 

«'*»»* i/ k 



• 3 S 



*M jafirr 



must bo burned off at a texsporeWo above 9&0° ? by passing 
a currant of hot air through tb# cases* i‘bo change from crack- 
ing to regeneration my be la a period as abort as five asin- 
utes* Vary careful design i« re.uireo to build a case trial 
•on withstand tnoao rapid and a ever* fluctuations in t e»p- 
eratare* 

£von tills wall a relatively minor problem* 7 ho reaction 
la endothermic and therefore requires external floating while 
the case la on Btroaaj the regeneration is exothermic end 
a largo amount of aont suet bo dissipated to protect the 
catalyst* * ince the catalyst itself ia a relatively poor 
conductor of cent* an elaborate system of cooling vans* is 
place o inside the catalyst rasas in to* cases* These arc so 
designed that at no point is tin catalyst rtsra then about 
one inch away fro.e a vans surface* Those vanes are supported 
on pipes through waica flows a mixture of forty per cant 
sodium nitrite, seven per cent sodium nitrate and fifty-three 
per cent potassium nitrate* This act* as the neat-control- 
ling medium. The epparatoe for circulating the oil feed, 
the regenerating air end the best controlling men ire is con- 
structed with the on® thought of effecting the most rapid 
possible heat exchange* 
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Figure 1 or. page 16 Is the flow shoot of an early, simple 
Houtry orfi'-iciag ur.it* ?he heavy lines true- toe path of the 
croud oil fs'ifl through t.io catalyst oases to the finished 
crac.coa product* the dotted lino is too stass line, while the 
dashed ana dotted ulnae are the fused salt flow {— » — *•) 
lines end the purge system (~ •)• file fine solid lino indi- 
cates ins flow of regeneration air through the plant* 

After being heated in a formica, the feed ail is charged 
to a tar separator* The oil is flashed In the tar separator 
into whic i the hot oil taper s ore fed tangentially so that 
the tar any be resaoved by centrifugal notion as well ns by 
settling* 'ibo taper* frois the tar separator are rebelled and 
ell sod wits a little superheated stasas to insure that they 
will be above their d*s? point before going to the cr .cuing 
cases* 

Toer* nr* usually about twelve eraciciag oases, with two 
always attached in parallel* Thus toey are connected in two 
groups of six oases, each group having its own inlet and out- 
let aanifold** One operating schefsa is for ®&e$ pair of cases 
to have an on-streass period of ten sainutes. The valving 
syssea is arranged so that a pair of cases coses on stream 
every five' ainutao* this assures tiat & unifora flow of ail 
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is entering and u caving tue cases. The auoeos-’s.ry valving is 
«ou« automatical iy by notar-o^rwit^u valve o controlled by a 
single cycl e tiacr. .be vapors enter the button* of the cask** 
and leave at tbs top. 'a be outlet valors ere conduct ed tcrouga 
a series of best exchangers (not shorn) woe r* they give up 
tueir beat to iucaaii.fi feed or air* and are then further 
treated by so*w method cf recovery l see "Tolueao ..acovory” , 
page 47). 

The salient feature of the rioudry proses# is toe catalyst 
or reactor case, and the eethoa of operating it* These feat- 
ures disti^uicb the Houdry process faros the thorsal cracfcing 
process. i’hs cases usually run about thirty-eight foot bigs 
and are ten or eleven feet in dia®etsr. "hay are constructed 
as towers and contain tubes and flangos for conducting beat, 
one series of tubes is far toe alternate passage of oil 
vapors and tae sir necessary for r gen* ration. 1 second 
series conducts too c&wlysab oil vapors and too regeneration 
gates to taoir respective outlets. A third series of tubes 
carries toe uolten salt used for beat exchange. This salt 
loses its beat to tug Incoming air, as explained later. 

A typical operation cycle is as follows. Utilising a 
talrty- alnute cycle, each cuse spends ton ainuto# on stream 
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while the oil vik^ors are being passed torou&b for catalysis, 
five minutes for purging the case of oil Vapors in prepara- 
tion for regeneration l trie oil vapors lost are recovered else- 
where in the plant acb recycled], ten minutes for too complete 
regeneration operation aad five minutes for purging the cos® 
of air and combustion products in preparation for resumption 
of catalysis* It is njcossary to remove to® hot oil vapors 
before ausittiag air at a burning »at, and to remove air 
before au&itticg oil vapors to avoid any chance of basic firing* 
She purging in each case is done by & barons .-trie vacuo* 
system* 

The r generation with air is one 0f tro moat interesting 
features of to® iioucry process* As may bo noted fro* toe flow 
sheet (Figure 1), air Is forced by a blower through a neat ex- 
ohaagor where it pic&s up sufficient heat from the saolten salt 
to oxidize the oarboaacaouc deposit on the catalyst rapidly* 
Upin issuing from the cases* the air passes through one or 
iporo combustion cases where combustion of curb on monoxide is 
completed* hater developments in toe iieadry process eliminate 
these combust ion cases, which son tain a catalyst which reduces 
the oxitbtioa temperature and allows some of the heat to bs re- 
covered* After passing through the contest ion cases, the hot 
gases pass through & turbo-compressor unit. On arrival at toe 
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eir turbine of too turbo-cot ftpreseor unit the hot gases, at 
about forty-fiv# pounds per *<,u arc Inch pressure, art. ex~ 
panbob to atmospheric preesur»j in no coiag tn«y generate 
anozgn „.o»er to operate the initial air bio . or and also a 
synchronous generator uhioh converts the exceua energy into 
eiftotric poser, this uso of & turbo-oompreacor reduces 
operating expenses conoidorobly* the power generated is in 
excess of tee electrical pe ^r required to operate toe entire 
Hendry plant* For starting toe plant, a starting aefe^r is 
provided together with pressure burners in the air line before 
ana after the catalyst cases, to provlu# t;e necessary start- 
ing heat* 

there hate boon Many improvement* on the original doadry 
design, the latest and east important of which is the adiabat- 
ic operating process which utilises part of the heat generated 
during the actuation of the carbonaceous deposit on the cat- 
alyst cor* efficiently* 'lb# process is not fully adiabatic 
and the heat balaueo is not as precis# us this tharxodym&eic 
tori# Implies* 

in the catalytic operations aascrioot: above, the temp- 
erature in the reactor is held at about $25° f to 800° F* 

About twenty per cent of this heat is utilised for neat 
reaction daring the crocking period, while aiguty per cent 
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Is absorbeu wj tue iaolWn salt* In ta» aui&batlo process, 
a ewaowiiat bigaer tsapsrata ra is aa Intel aed. ltd teoltun salt 
is circulated, thus affecting a oonaideraoler saving in • alp- 
aca t ana operating costs* ?»»* re &ir»s4 amount of exotberatic 
regeneration Jisat is stored in tho aas s of catalyst itself 
to bo available for crocking the oil vapors* Part of too 
boat is reowvea In too olr stream and usad for strata and po«- 
or generation, ebilo tne largest portion la carried awsy in 
too oil vapors leaving too catalyst case ana is used to pre- 
beat tbo incoming feed* 'ih© catalyst cycle is the aa-o® for 
all Jouury processes, tbs adiabatic process differs froa tire 
normal operation only in tbs scanner in wbioa too boat is 
applied* 

Advantages of tao Usably process over tbs previously used 
tbcrasl omening oetbobs arc that tbo nonary process is far 
aors flexible, it gives consistently bigb ©ace- taro ugb yields 
of gasoline from any crude fccu stocie, it gives a gasoline 
with unusually uigb csten® ratings and it can produce aviation 
goes lino directly froos tbo original cnnrging stoou* oy 
©banging tbo oil fsoa and tbs catalyst, a Uoadry unit may bo 
adapts & to too production of other gasolines os to lean®. 
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All f ixc&“U«u catalytic processes are variations of t ho 
Houury process* although t&*ny have tie ir o wn aa-wes. other 
flxod-beL o talytlc process include eycloversion* developed 
by the Phillips Petroleum Company ana in whose ref leery the 
only plant of which it now operating* Little operating dote 
ere available on this plant* built in is* 44. rydroforming 
l describee fully In the next section, see "Hydrof oroiag'’ , page 
21 J is another variety of the original budry design* 
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for s&ny years It ttc.a been toovc that wito the aie of cert- 
ain usbyoroganation oatslysts, naphthene* with a six sesiborad ring 
ana nornal paraffins could to convortec to aroaatlcs* tat pro- 
cesses using these catalysts had never toocoac ooa»«roisl because 
the catalysts bee&se rapidly inactivated fro* the fouling fcy 
carbonaceous d posits. Haadry eliminated this dr&wbacic to sows 
sxtont with his catalyst cycle tiding system. in the cyclisation 
reactions , carbon deposition ia especially serious. 

It was found that tease oarboaaoyou* deposits can be minimised 
if the reaction is carried out la the presence of hydrogen* With 
suitable catalysts and under suitable conditions, tire hydrogen- 
ation process con ba operated for taaay months without carbon dep- 
osition on the catalyst and c rbonaoaoaa a&ttor c an even be coo- 
vertea to liquid produots.'^' Such conditions, howavor, because 
of toe high partial pressure of hydrogan that must be maintained, 
fail to give tho degree of conversion to arena tic hydrocarbons 
con side roc necessary for eoewsereisl success, therefore, a Edif- 
ication of the hydro g*n at ion process was divided to obtain the 
benefit of the hydro go» at*> sphere without, however, consuming 
hydrogen, tans mxlng it eaneceseary to supply hydro on to the 
process, dy recirculating hydro gen- rich product gee to the 
Catalyst cheajWrs tutd operating at a moaer&te pressure on select- 
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•a feed «wat, toe formation of co<c» on toe e.telyet I# greatly 
reduced and the catalyst remains activ® for a relatively long 
period of time. tola nodlf icatlon ia called hydroforaing* or 
o&talytic rrforaiog, since nolaeulos are reformed into aro-antice 
in tne process. .his process is used today in most of too plants 
producing syntaetlc toluene* 

Hydroforaing van aotually developed* as suBtloaeo abovs, f r 
too desuifurlsation and ootano Improvement of los-quallty naphthas. 
Hydroforsilng grow out of the cooperative? rtserseh carried oat by 
the &• $• iCcllogg Company in the aid thirties vritn four najer 
oil companies* rroccs# design was worses! out toy .'.ollogg ana 
standard oil of Indiana* The first oo^seroiai unit was set in oper- 
ation in 1*40 by Pan Amor icon of ining Corporation at its Texas 
City refinery. 8he n too toluaoe extraction process was sorted out* 
largely toy standard ail of Sow Jersey and bneil ail Company* nyd re- 
forming toacaj&e of great interact as a souroo of nitration-grado 
toluene. Jftere were, in July of 1345, eight hydroforaing units 
in operation, tho dajtotofr ordnance Torxe opera tad toy to® liamtole 
Oil non refining doapaqy and costing twelve million dollars was 
the firat cosaaeroial plant for the product! n of syntactic ait- 
rat loa-gra-us toluene from petroleum. A hydroformlng byproduct 
containing xylenes and other aromatics constitutes an important 
source of acarc-i rich-oixtare ingredients. The post-war survival 
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of hydroforaing dspenas on t a* increase in the life of to* catal- 
yst ana » a» crease in too cost of «alot«cacofe. Both of tb«ao La- 
proveawnts too. a li<coly • 

Figure 2, page £4, illustrate# tbs fa Ho* tag disoussioa of 
tfts bydroforaing plant itself* Figaro 2 wfco»s & flow sheet fur a 
typical byaroforaing plant. Tte principal reaction In the process 
la taa dahydrogenation of methyl cyclohcx&no (HCtl) with boat and 
In the presses of hydrogen and a catalyst to giw© tolasee ana 
fr*s hydrogen* Fresh fe«a is seated to reaction ttspsratwr® , 
first by mo;,ns of a heat eschaager wbor i It rsaeitss heat fro* the 
products of the reactor* and toes by a* an a of a so-called naphtha 
furoaoa* At the entrance to tha reactor, the hot oil taper is 
joined by hot recycle gasaa whies nay coat > In between forty and 
eighty per cent by volaae of hydrogen, depending on the feed stoefe 
and too catalyst conditions need* The Jo In n etrsaas of oil vapor 
and rwoycie gases puss through one of the two reactors where tee 
catalyst is disposed and where conversion taxes place* The prod- 
uct is coulee and eonceaeed and tea gas is so pare t a from tie 
li.uld. -oase of toe fine is recirculated while the remainder is 
released as neesssury to maintain too dsslrsd pressure on too 
»yst«Q* The recycle© gas is p?ah*at> d before join ug the stream 
of oil vapor in the recycle gas furnace* The liquid product is 
stabilised by removing tow dissolved propane and lighter by drey 
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HYDROFORMING PLANT 








cartoons. Tbo stabilized liquid pruduot id won treats o by recov- 
ery •sotiwaa ( see “Toluene no cove ry" , page 4 ?) tj conoontrate t ;• 
tolusne. 

lu spito of tbs fact tdat tns 00*0 formation lo snail, It Is 
•till necessary to regenerate th® catalyst at regular intervals* 

So permit continuous operation, at least two reactors are provided* 
one is toeing regenerated wo 11s to® other is on stream, as gener- 
ation of tae catalyst is accomplished toy burning off the osrbonace- 
ous deposits toy air diluted with spent regeneration gas and flue 
gas. curing t no regeneration of Reactor 1. for example (see fig- 
ure 2), the voltes marxed ”1” are «cspt closed ana valves marsed 
"2" are xept open. This allows the regeneration gas to flow free- 
ly through Reactor 1, tout not reactor 2, and the vapors of oil and 
gas to flow thru ugh r.enctor 2 but no* asactor 1. 

The hyerjf or aLng reaction is endothermic &au the temperature 
crop from reactor Inlet to outlet may toe as much as several hand- 
rea degra- s (Fahrenheit). lo nor row the range if temperature In 
the reaction, two reactors in series with an intermediate reheating 
furnace may be useti ia piece of each reactor eaown in Figure 2, 
page 24. At the conditi.-ns used, the equilibria* relationships 
promote the dehydrogenation of naphthenes ana tie hydrogenation 
of any aliphatic olefins that my already to® pro Kent in the feed 
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or toat ray tend to fora* *ae latter reaction accounts largely 
for the lower rat® of ooko formation La hyciroforsslna as compare a 
to operation without the Hydrogen atmosphere. olefins, which t$nd 
to polyoerlae to fora oo.<e and tar, cannot he present in high conc- 
entration on tea surface of t*ia catalyst , 

ie hydrogenation of naphthenes, particularly of those witn six 
carbon ato^s in the ring, account# for moat of the aroasotie pro- 
auction, alt^ousn, ao*e telaen*' 1# product* o fro 3 other components 
of tne feed, i-atn on t m ny tiro far mine of relatively pare methyl 
cyclohexane are si**** lb Saul# II, page &7 . The loss of methyl 
oyclobex&ne aaountca to over ninoty-aaven per cunt fey volume of 
that in the feed; ninety-tore® per cent went into too production 
of aroiiatios. In to* prooaaa, §om side reaction# t nxo place ?bicb 
result in tfta produotion of benaens ana some higher aromatics other 
than toluene itself. About eigbty-flv© per cent of the ©ethyl 
cyclohexane was converted to toluene, Table 11 shows, he waver, 
that the voluaotrio yielc was only seventy-one per cent* Tnis 
arises from the facts that hydrogen is lost In the conversion 
ana that toluene nas a higher liquid dansity than methyl cjroio- 
boxene. The theoretical volumetric yield fro® aiethyl cyclohexane 
is eignty-three par. cent, in these enloulatlone it was aesus-sed 
that the two and one-half par cent of toluene in the feed passed 
tbro<igh t..» operation unchanged. lata on normal heptane are also 
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given la .able 11, lurosl heptane yieiueu, under tie condition* 
employed, only. & relatively small aaouat of toluene, and, as ia- 

«*•! JC II^ 101 

Eydrofomiag “Pure" Compounds* 



WM n-Heptano Toluane 

loll lag point, *f *♦ 214° 203° 231° 

Feed i'roti fead Prod Peed Prod 



fields based oa feed. 
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Toluene 
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71.2 CO 
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Xylenes, ethyl beasene. 










and heavier aromatics— 


1.6 


• 


0*0 


« 



Sailing range of liquid product, °?j 






10 5* at 


224 


12? 


231 


60 p at 


221 
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30 > at 


£22 


ZZA 


852 


Calculated conversions 


to arou&tica. 


per csati 




JiCH to tot*i aromatics 


93 
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HDS to toluene 
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Mm Mm 


a-aeptoao to toluene 


wm*m 


16 


-- 


•Sat ee terminal , hut believed to be 


less than one 


per cent. 



••Weight per cent 

dicated by the gas yield and the boiling point rang,® of the pro- 
duct, was eatteoalveiy cracked to lighter hydrocarbons. Although 
seventy-ala* per cent of Uio normal boptsme aisa*q**roa la the 
reaction, only sixteen per o*nt was contorted to tolaena. Tbe 
superiority of ewtoyl oyo la hexane as the feou is obvious. bile 
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other autalyets are aatisf notary for the laboratory conversion of 
aoruaal haptaae to toluene^* f * S# ** 17 * iu# 19 * 1 wo "Catalysts", 
page 84) with higher yields, no coaoerolol yroooa* hut ooa<? to 
light. 

toluene was also hytrofornsd to demonstrate its stability 
(soo b'nble II, pages 27). little, if &sy, conversion occurred 
and it has gonar ally bee a sscusied in evaluating practical charging 
stocie that any toluene in the foee will appear in t fit hydra- 
forced product. 

the boiling points of toluene and aethyl cyclohexane are such 
that both o on be conveniently included in a narrow cat of naphtha 
charging stooict therefor* the syntbatlc and natural toluene appear 
toga tee r in the hydroforswd product. Many other compounds are 
present in the feed. However, experience with many face ataese 
has shown that the toluene yield can to a largo extent be accounted 
for on the bsals of too toluene and methyl cyelobexon® content, 
and teat, while the cumulative contribution of all other compounds 
present is an im -or taut consideration, the toluene yield from 
any one is probably quite ssail.'* 0 ^ An exooption is methyl cyolo- 
hexone which occurs in craosed stacks and appear# to bo converted 
to toluene in high yloias. 
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It will toe 599 a then, tnat t.jc- met toyl cyclo hexane content 
of potential feee itoctcs can be used to calculate approximately 
their capacities to yield synthetic tolas no toy ttoa byoroforaing 
prooos*. Tbs asthyl cyclohexane content, together with that of 
toluene, is shosa In Table 1, page 7, this mt yl cyclohexane 
content Is always greater, ana in many esse# ton ti-tes a# grant, 
as the toluene content. It is obvioae toon, that toy contorting 
too »atbyl cyclohexane to toluene, much less erode nee 4 toe procss- 
sea *fiu mob lose equipment is requires to produces ni tret ion-grade 
toluene thou if only tne natural toluene were extractor. In 
analysing potential food stocks, it *?»# not possible to listing- 
aian between the leasers methyl cyclohexane «nh ehtyl eyclopan to- 
nne. She boiling .dints of tbeee isomra differ toy only 3° P 
and their general physical properties are nearly the sene, there- 
fore, the value# given in the second ooluran of Table I, page 7, 
include such ethyl eye < open tans as is present. Indications era 
that the aetnyl cyclohexane - ethyl eyclopentase mixture stay con- 
tain about fifteen to twenty per cent of ethyl cyclopentane, toy 
coap&rleoc with ci-isethyl oyclopoctans, which has been sheen to 
yield only a lisitec {Meant of toluens, It is to toe expected that 
tae ethyl cyclo pen ten* woulc produce much leee toluene than the 
methyl cyclohexane, ana it is necessary to tana this into account 
when evaluating various feeas on the basis of their aoiayl cycle- 
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bexane - ottiyi cycia pan taro content 



To determine toe extent to rMcn tbs toluene pro Cueing 
oonponent of taa feed could 1>© concentrated in a narrow boil- 
ing fraction, a typical 2UQ W to 250° F virgin napotoa was 
fr&ctionatoc into narrow cut* at a nine- to- one reflux ratio 
in a twenty-four plate coiaaa, and several of the cuts were 
subjsoteu to hydroforraing* Tbe highest yield w&s forty-four 
volume per cent (see Curve I, page 31). In this cure toe feed 
contained fifty-seven per cent awtfiyl cyclooexan# pins stiyl 
oyolopsnUaie a ad five par cent toluene* Tft® toluene concen- 
tration in the product was fifty-nino per cent; on a broader 
feed it woalft be considerably lower* 
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VOLUME PERCENT DISTILLATION OF ORIGINAL FEED 
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U* av. as) 

2b® theruwfor process was tne first attempt to go t a* ay 
from ta* int^raKtoat os»eratloa to tr» /loodrjr, the fcydrofor®- 
iag, aau all flx«d-»*d processes, for although tna plant as a 
wfeoi® was operated on a simulated continuous Slow, tnr catalyst 
eases theJsseite* *r#rs shat down to parait th® revivification 
or r#geaer*tion of the spent catalysts* A® is evident frosa 
K)N^in| the fixed-b*i typos of processes, a far greater case 
voloae is repaired for tna process than is actually used at 
any on® tlsse or. s trees* 

So® tbsraofor process was &ev®lop#a to ®liS5ia»i® tho 
interslttant flow in to® catalyst eases thoasoives and saasas 
as® of a moving catalyst b®u instead of too fixed-bed* The 
m thod in which this rsov log catalyst bed could 'os utilised 
pro sea too «a oy problem, bat was finally worsted oat by tho 
-eeccy Vacuum Oil vooyany* la ®s*©nce, tho process consists 
of a mv iag-oeo of catalyst, conducted on its way by ao&n® 
of aachanical contsyor® through first the reactor, and then a 
fcila in which tho catalyst is regenerated* 

in iv4i a f ive- hundred- barrel pilot-plant unit *as set 
la operatic* at the raulsbero , liew «©r*®y refinery of tb« 

-ooony Vacuus Oil Coatpcny. in October of lv43, the first fu*l- 
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seals costeisreial tasr«of&p plant was operatic at tas Bssuaont* 
$«xa»* refiavry of tan Zu&aulla fstrolcus Owe; any* Xu Juas of 
194S there were tbirty-foar tOsr.aofar reactors la operation 
throughout tbs country, wita a total noslnai c Gorging capacity 
of 3£i4,OQO barrels bally* representing about thirty-ono per 
o«nt of tae tares cajor catalytic processes* u'jadry* fluid 
and SCO. scats SOC units have produoob as high as seventy 
par cent osar the rated capacity* 

Fi&ur* 2* x-* a t. w 24* 6^® E to» fl»r sheet showing tbu ira- 
portsnt wleuwats of tbs TCC process. Ihe t'CO process involves 
passing cbarf.lo^ svock vapors through c moving isolid bed j 
«aas of catalyst particles or of passing lit aid charging 
•too£ or a stUttur* of liquid wad. vapor ds*n thro«*n t he sow- 
ing bod* ±hs vapors &ra usually passed ajw&rd* £&$ oil feed 
is first rid of the tar by flashing in a tar separator* as 
in the iloadry plant ip&ge 14}* «na is tr.cn passed through a 
suporasater anti Into too reactor* wasre it fl04* u 4 . against 
tbs dosoflodiag catalyst* It tat* tap of tas reactor tea 
cracked precast is .vitaaraan and scat to whatever unit is used 
for recovery of tbs ta leans isos "loluons ^o«svery :, » page 47 J. 

*ht distinguishing fast ore of toe ?CC process is the flow 
Of to* catalyst and the aotood for rendering tae process cox- 
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FIGURE 3 




THERMOFOR CATALYTIC CRACKING UNIT 
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plotoly continuous. *bs catalyst is a treated clay instead 
of the beat? catslyst used In ft xed-bab proses***. It ao?«» 
601m through tbo renctor by gravity and eaters a diagoaai 
le&C fro" the fcast of too reactor to the spent catalyst elev- 
ator. Ia to# epsat catalyst • levator too catalyst Is lifted 
by a bucicat conveyor to tbs tap of the elevator iowor waare 
It la duffipaC Into another diagonal log l#ac tag to to® top of 
tbs tfteraofor Kiln. Tfce »asu novas aa«n through tfc iherao- 
for icila, again by gravitational force, against too ugfloar- 
ing strewn of regenerating gases whicn are composed of flu© 
gas, air and stasia. Tin beat of Use regeneration reaction 
is utilised to produce process stead in a boiler unit, not 
snasn in figure 3 . Tae outlet regeneration gases are sent 
through a cyclonic oust separator where any catalyst bust 
that sight bo entrained is separated and fed bac< into the 
catalyst flow line. 

frocj t ho bass of to# thereof or ,cila tbs catalyst reaches 
the regenerates catalyst elevator through a diagonal leau. 
/row th# top of the regenerates catalyst elevator tower tnc 
catalyst reaches tne catalyst hopper by another diagonal log. 
khe catalyst Is t&aea to ta* r«aetor through & vortical pipe 
saowa as the "clay log". Considerable speculation was pre- 
valent concerning the possibility of blowing out the clay 






. .. 

’ ‘ ‘ •••■*.-' . -u 4 t ^ 

* ' . i i < . r •*( ,,, 4 

* ’ A ' » x fmf mnt u- 4 

'**'**♦ *•• *• • ' -r*i .* r& ; -s • w! • ^ 

v. ' •<- « , # 

i •]. O • >• • .fu . • , 

% 

• 1 * • * * * a- i- • ■ 

• •'■•••%' ' I'- . 4 . . f . V . f • 

A •• • -«• '* •*- m. -44 . ; . 

* 4 . .. ^. 4 . «» % | , Ut ,, . , , , 

1 * - * - • * | • I ., u „ , , 

• ' ' 1 ‘ v v „ . • .« 

* • 

'I 

* *» Hi ’ «l MAC Wjrn^+M mmk *«. H *« Mi 

* - • l« -»■ * ' ■ I »< • • . t 

' 

*X 4 < • *•« ,r*. t •**.•! uo .* .j ,j |, , 4 1 

*•* r * • •«»*., \ . „ . fat' * .i v. - 

*-s_.C •* ■ .... a i>.*« < : , ». • 



/U 



i*«IM 



log when high press-re reactor conalti-ms were usoc, but tests 
unbar r ro scores up to the iisit of the vessels tostou showed 
that the flow of catalyst dov.n through tbo cloy log was no ter 
seriously itsp*ir&e. Aaot&sr point is to# ®ffo elite seal used 
at tbo bass of t&s reactor , Vfce catalyst Is purged with steam 
as It leave e tbs reactor, usd thus is rib of all food vapors 
which, in effect, arc thereby soalea* 

A typical plant using the tberwofer pro ess a use* a reac- 
tor tawar filled with baffles to effect the proper sizing of 
toe vapors ane. catalyst* She tower is thirty feet high and 
sloven and one-half feet in oleaster* fbe regenerated cata- 
lyst elevator io about on* htmeretf fflet high, while the spent 
catalyst alatator is about saveaty-flve feet high. The reac- 
tion toapsraturft sued is about 800° ? to 1000° F, aa ia the 
processus previously dise-ussed. The press or s is between ten 
and fifteen pounds par square inch gauge. The epaoo velocity 
may be varied between 0*2 aa*, S*0 cubic feet of vapor per 
cubic foot of catalyst par hour* The catalyst residence time 
in the reaction aoaa nay be varied fro-a & few cjiautss to two 
hours, tic poncing ou other operating coEhitiasc and t >» catalyst 
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intaraitlag fcoong rtcect iwprovsasatii in tn» original 
r roct>esi is taa aia of step# in tbs diagynal f«#fi l«s« trirougo 
waled tae cat&lyct flofl#. -orious erosion pcofcloaa# were pra- 
sentod ijr tii« flaw of dot clay CotaJtfst <bs?n tns diagonal 
log*, and these legs baa to ba replaced mar® after; than was 
«*p«oiy v-. to aiiai: aje tbia wear, steps were isst&iled in 
toe diagonal so ta«*t t&e clay catalyst '9*9 farced to flo.v or 
C*.scsuio over tbs step#, Idas tbs cstalyet built ap & layer 
on to* a tape ant instead of flow tag against the leg#, it 
f lose a ov <r itself and ranuoau the erosion tc e sinter:?* 

-da themofor •atiuystic enacting proa-ass differs froa 
too djac iry proooso only in that it effect 3 a continuous . 
operation taro 44* ins ufo of a coving bod of catalyst, the 
catalyst mast still be regaoeratoo before, but tas effic- 
iency of eyerati^u is gryatly improved. 
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MS FJJJll C&fAiXl? ?r)0£ 3 ti# 

Ibo fluid o&talyst procosa represents c. new ehaalcal 
engineering technique which hh» wide application to indust- 
rial operations, teotr> catalytic and non-eitalytic. 'ibis 
principle may soon b* applied to saoa operation® os or® red- 
uction, cosing of coal, water gas ana afac tare and other spec- 
ir.lis »<1 ofteaical processes, regardless of their respective 
operating pressures, liiis ddvolofsnarit aas bf«ea successfully 
applied to to® catalytic cr&o/dug of petroleum fraction®. 

2b# fluid process opera Vos on the principle of a aoving 
bed of catalyst, as does the ICO process, but the fluid pro- 
cess coss not ac.adle the catalyst Kechsnioaliy at my stage 
of tne process. 

law first fluid catalyst p-iant was iaceo on stream at 
tbe baton Aouge, Louisiana, refinery of the standard oil of 
dew Jersey vcm yauy in l»i<i* By » une of l'j4b t tnere were 
thirty- two plants oper ting on tn® fluid catalyst process 
in the united states, wit a nominal throughput of 400,000 
barrele daily. Four are of tae epflow type; taa rest utilise 
the saors recent downflow method, .he world’s largest fluid 
catalyst craojclag plant was placed on stream in leoeuber of 
1544 at tbs 14 on refinery of the Side 'Cater /seociated Oil 
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Coaspany 



,'ne fluid. catalyst proooss, a* stated above, 4%loy«c a 
saw technique in handling solid wato rials, -Ha solid material, 
in a povdor fora, is sop t la a fluid or fraoiy flowing con- 
dition at ail t,im * , and can thus bo haacJso tn ssucn t:ie some 
way as a liquid, A fiuiaicod 2 »os can be circal&tod by appli- 
cation of the ess- lift principle — that In, by balancing a 
dounfloaiag stroan of aigb-eollds density against an. upflcw- 
tng stress of loe-salida density. In other words, the re- 
quires pressure differential for circulation is obtained in 
sacs the saa* way as water would be transferred by bo lane log 
a ooluon of water against a wat* e-gas mixture. 

The basic ©qulpewnt Involved is illustrated In Figure 4, 
page 40 , There ere two primary zone:., a oraeirlng atsd a re- 
generation :oce* The principal apparatus is to# amo In each 
zomi standpipe, reaction veiinel end Cast separator, oil 
vapor is contacted with regenerated catalyst delivered by 
gravity from a at sac pipe , and tha mixture fio'&s in n japans Ion 
into the cracking reactor where the reaction occurs. The 
fixture of cracxee petroleum sac catalyst f lo :t through cyclon- 
ic duet recovery equ lowest where the catalyst is recovered, 

The separated spent catalyst is collected in a noppsr, floss 
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CRACKING SECTION REGENERATION SECTION 



FIGURE 4 



"X 




/ 



CO 

H- 

O 

z> 

Q 

O 

cr 

Ql 



I Q 

Ul 






o 

Ul 



1 

I 




40 



CATALYST FLOW in FLUID CRACKING PROCESS 




at high density dovm a 3tan(ipl?#, and is injected into tba 
stream of air used for r jj#»*ralij». inis air onrrias tft# 
spent eatalyat to otner re«sn*r tloe vessels, and from tnare 
Into anotbar sat of eysloaic dust oolliotors rbara almost all 
of tn# catalyst Is root oreQ froas t*r? floe gas. lb* recovered 
catalyst Is collector in a noppor, flows (ion. through « stand- 
pips, and is injected into tbe oil vnpor *ir#bsu lb© ays Is is 
thus Completes* 

fas flo* ca&ructsristics of gases carrying solid parti- 
cle* oav# fcooa carefully Investigated. It uaet soon found 
possible, by suitable aujaetoent of gat; or vapor velocities, 
to build up relatively alga concentration* of solids sbere 
desirable, as, for example , in react i*n and regeneration ves- 
sels* ?k# densities tfiu»t can be obtained nr© fmneti ns of 
the feed rat©, ooaiyesitloa ana particle siso of tbs partial#*, 
as null as of tbs vapor or ga* volooity. rrtssurc drop from 
friction is assail; ttie rauin pressure drop in tns system is 
Cue to static bases* 

Altaouga bigb concentrations of solids &,>y b© obtained in 
reaction vessels, the solid-gas Hlxtar© is extreaely turbulent 
and resemble u boiling liquid in many respects. As a result 
of Ibis high turbulence, wit# euceequent rapio circulation of 
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solids, tbs temperature tbreagsaat tbs solid* .oacs Is surpris- 
ingly uuifors, varying less thoa five uogroes fahrenhall from 
bottom to top in l<*rg« vogssIb la cata,.ytlo cracxlag. Tbo 
extreme tarbulanee of th» solids in vessels of t»l« typo of- 
fers nisey auvsntaso* la %ft*p*ravor<j control la catalytic or 
otoar proteases* 

Figure £>, page 43* shoes tho flair saeot of a typical 
fluid catalyst cruc^lug plant, uegsneratwu c-tau/st fro-, a 
stored bappsr flows by gravity through a standpipe ansi is 
injected Into loo frssb oil feed vapor which oarri-js It to 
the cruc.clag reactor, tea velocity in th reactor is low, 
to Maintain a high aoseeatratioa of catalyst, ae4 crac .ing 
occurs with tbs suose-ueat deposition of c rboosoeoue ~jat cr- 
isis on tat catalyst* -hs «ii 3 tturs of cr&cu. products <t&a 
•pint catalyst fro* to* or&c&lng *cao is ssparatod In cyclonic 
dust recovery s^uipaeut; tbs erase e products fio- to recovery 
a ; ulp®sut tee* "'loijona dooovery’ ( pugs 4?) for separation Into 
da sired oa .^enosis* *i» spent catalyst crops into a storage 
hopper, fio a wsa a standpipe* Is pic too op by an undulating 
air stro&a tou it oarrieu to tas r- generator Li obica the 
carbonacoou* o. posit* are remove o uy c» f,ou8tion. the Mix- 
ture of flao gas sac catalyst fro® toe r -generator are separ- 
ator* too catalyst droning into tao rage oera tea catalyst 
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FIGURE 5 
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FLUID CATALYST CRACKING PLANT 



copper to coapleta its cycle* 



Ihb ftcr*t evolved in burning tha carboaaouoaa 4- posits 

oa tna catalyst is grafter to tan oca be abaarb** n* eaasibls 
beat by tr»« catalyst without sates salve toraper-. turo riss, it 

Is therefore necessary to have on aSdltijnsl saans of a .bsorfe* 
inf, ragsnerttlon boat* This is do no by circ:lntlag too re- 
ganaratoo catalyst through she ll-*nd- tuba boat a.i.-Agara, 
using a *s -urate standplyw circuit as snowat in figure 5, pug# 
43. 2 ha cooling aeuiusa in tl» n«at exchangers in the aait 
described is frtsh oil feed to tno plant* via voter, tb bast 
absorbsc by the oil is ordinarily atom teas that n Qairsd to 
bring it to proper tesyaraturea, and a further a ia si nation 
of this seat is -&*de to produce urocsea staaft for uao in the 
plant. 



dye ratios of tee fluid cr&c<ing i: >l- -at is entirely auto- 

t So } 

static* * 4.m ratio of catalyst flaw to oil flo, , for ex- 

i# oon trails a ’ey a. Meeoaclea aatuvtsd by cii.-ng«fE la 
toe density of toa estaiyat-oil «l*tore. “lo- of f. • catalyst 
to the regenerator in aasnroa by automatic control of to* 
level of tne e&talyat in tne spent catalyst hopper. iwilar- 
ly , tbs regenerator temperature is gevcrvrd by t « wtosiatic 
rsgaiat * >n of wo quantity of catalyst circulated t b rough the 
boat exotua&ars* 
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flexibility of tho fluid process is <S3 vonetrated 
by bn# fact that operation can i# oarried act osar a #i<J# 
range f oraoclng uafl regeneration tea ®.r&t»nrs8» as well 
ao of d*ptb of eracxlag bei). '.esotioa taeipsretar®* aan 
bo controlled by varying tb® osoant of neat applied to the 
oil In tie fttrneeea and to the hot catalyst circulated. 
Boraal reactor t*s»p«r. lures lie* in to® rang© SCO® to 1000° 

F, as In too loaery process* f torn regenerator tempera tu re# 
can is<9 scried ever a relatively sdu# range, but are norms 1- 
iy «tapt between 1000° and 1S00® F* Tm depth of orncxing 
is governed by both the aaoinst of the catalyst in tne reac- 
tion ease and tbs ratio of catalyst to oil f lo«r. *&is flex- 
ibility is Important In that toe character of tm proaacts 
is considerably ftffect. c by botn trs# t«*iyr>r«lur* and the 
conversion level eapleyeu. 

Xhe pressure level can **&o be held at any ueeired 
point eithia the safe rang® for toe used. In oust 

present installations for gas-oil ora os-dug, the ore® sure 
at tm top of tne reactor veessi is about ten poende per 
Rquara ii:ca gauge; taat at the toy of t so regeneration 
vessel is noout ateospovri*. 
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Crackles with o Si&aHa catalyet lase H 0»taly8t»% pago 
541 at fcloTataU teaperau;r«« produces, in aa.itl^r to high 
ylslu* of olefin* and inobataino for alisy nation, a gasoline 
fraction oont. l»lng fairly largo a*oo.nt* of to loans , xylenrsa 



oao the hi go or aro-setics* 
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TGjJu ’It", B'.C V ^ 20, 23, 31 J 

Ae can bo ®een, an aro-nttic-rloh mixtur can b* obtained 
by several aaevc*. Iht success of & coamrclal op®r»tion for 
aonufacturing «ynta«tlo nitration-grace toluene do«® not rest 
solely on taa fieeeio paint of a prnaticul *»tfcod for prodao- 
lag the toiu nm in unntity froa pst roles an, but also requires 
* satisfactory *ol*tion of trio problcsa of loporating tb® 
toluene from to# other exponents boiling in tbe arm rango, 
to i'roduoo too feigls fisgr*e of purity d*saa<ieo by nitration- 
grave specifications. Reparation by saparffrsct location 
alone, even tinder aost favorable conditions and with a great 
i*iiy •ouivalant plates v/an not satisfactory, because of ta® 
very aaa.ll difference* between to® boiling point* of the ia- 
puriti®* and teat of toluoat Itself. Joroover, toluso* fora* 
assotropis mixtures with so.se of Pn otoer •omyoBent# of to* 
craoiced etoct:* tneae mixtar s boil at t«s»?®rat«r®* differ- 
ent froia that of para to 1mm , and c&araot be resole®** by 

1 19 j 

atepl® distillation istetb >d»« 

freo*at#« for tbs liquid- pa®** solvent extraction of 
araft&tics fro:.; by uro carbon mixtaroa were cnosn, bet tn» nlgfr- 
•st are w tic concentration obtainable by t&® atoea method* 

®»* only about e«esnty-fie* to eignty percent, while too 
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specifications far nitratioa-grotU tolusno cs ixaC, for abos* 
y® par cent purity. *bis problem had not arisen in marine 
t alsus* free cosi tar because that product contains little 
naphthenic, paraffinic or olefinie material, and toliuas 
can be separatee readily froa the other aro'co.ticss by chero- 
loal parlf ioatior enu simple distillation. 

The method asee by practically ail of tne recost*ry 
plant o in aso toomy is that of aseotropie distillation. n 

aaeotropie mixture is one vision tovm a cons taut- bo il log 
mixture shied boils at a temperature different fr ,>», ana 
usually lower than the boiling point of either of too 
constituents. *.£•<> tropes aay bo forest between two, threw, 
or sore components* 

Axeatroplc Mixture* by wnicn toluene ?aay be separated 

are those is which the imparities for® &a aasotrope wits 

the aseotroc-forasr adt.eC before distillation, and in which 

the assy trope boils in a rang* far enough raoxec from tust 

of $«r© toiwene to permit the mixture to bo fractionated 

readily* feaob assotropsHTonssrs wary widely in character, 

1 31 } 

Mixtures of oethaaol aau «*t©r, im tbylethjr lice tons ( MIX ) 

and wster ,^*'^ 1 .and a low eolecalar weight nitro paraffin 

14 ) 

ll*e* nitroprop no) bat* been suggested, By far the cost 
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widely a*a<i axaotro^e-foruwr# to cay ar* stt^r ani a- thaool- 

wi t#r alxtaro#. 

figure 6, g&go 50, ehov* tba flow shoot of thir .Ihgnolia 
fetroleua Oa.upauy's toluene recovery plant, sa<«usoat, ?©xns* 
lUl# plant ul9o# tils aj th&Rol-v.ater aixturo. 

The tolueas recovery consist# of four aaia stop#* tns 
preparatico of toluon* coneentrath boillcs in botureer. 215® 
to 2*15° F, the eonceatrat ion of the toluene cut to ninety- 
«i£bt .--or c>mt toluorn by &»©otro v ie distillation with m- th- 
anol «nu a tor, ana the purification of the c . ncentrai* u 
toluene obtair.-’d in the eeeonc step by &n acid troat -oat, 
and the* rerunain*, of the toluene to provide aitrati >tr*gi*ste 
jro4wct. 

There art 1 two system f»r taft conoeatratloc of 

the initial toluene cut. «&cb rsc?lv«s er&cc-nt vapors fro* 
ste&a-still gasoline plants ttaa a polyfoxvaiag gasolina plan** 
This fees, might bo fro* any of toe catalytic cracking pro- 
cessus airs&c <y discussed. 

A*oh conceal? tina still unit consists of frsa fraction- 
ation toners, *iay top product fro:n t?i3 first is gojoliae, 
and ia baest to the g«, so line section of toe ref in ry for 
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FIGURE 6 








V 

r\ 






< 

-J 

CL 

>- 

cc 

LU 

> 

o 

o 

LU 

cr 



LU 



LU 

3 



o 



• 50 - 



blending* fho bcttc.-s arc sent to th® eoc ocd tc#er, where 
tn© ovarhst.d fraction cjc#i#tc of the concentrated tduane 
cut. this carry between eight ~.cC fifty per cent of 
tolovnv, deper&tag .<» tb* fceo fasti at, .or o .suitiecs* *t»© 
Uottew* of t ie ae cone- cover consist of fie vy gasoline , and 
are returned to the refinery for acid treet-jent. 

20© tolaeae fra-. each coucsmtr&tor is atorod prior to 
addition of methanol and subeo^aant freotlosatiog of the 
aseotrope in tee aaeotropo tosers. *Mk overhead from the 
first asootrop* to«rar is of almost constant composition, 
containing about fifty-fit per cont of water sciatica of 
methanol *?Hh eo.no hyuroc&rbon impurity* 2fi« bo t too* can- 
tain from fifty to seventy per cent of toluene and ar-i sent 
to the secorc asaotropa tewer* additional csths,K>l ie odosd 
before tm aixtur-a untsrs t.ie toamr. The flietillato from 
the second tjuftr con talas about seventy per coat Methanol, 
and Includes the regaining trace a of toper It lee* the bottom* 
carry fro® ninety-sis to ninety-eight per cant of pure tol- 
uene • ? he top produce e fro -a Uu two towers .Join and arc sent 
to t>u extractor anti m-jtdwool tower* for advent recovery* 

“fte «8»o reacts, o.iowr. in Figaro 6, page BO f ie substant- 
ially alcohol-free gna'-line and is sent to tr.e blinding 
plant* 
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The boltoffis trot. the lafct ua^otrope tower, containing 
alnety-eifpsb t--!* cast of Voluvn*, pass to the acid treaters 
tr.^orw too to leans to treat©,* with ninety-® if, tit par cent sulf- 
ur io eels in the acid settlors, Tho luriron settlers act 
as couutar-currgnt sludge settlor*. The toluene then passes 
through a grave 1- pec **d coagulator, or filter, ana thonae. to 
a water VuMh in a tower paoaiMi ~tl%h Aasoaig rings, After 
washing, the mixture is neutralised in another gruvtu-psosuti 
oQafttlator* tela sequence of coagulation mu water wash is 
usee to preteat thus formation of an cauls Ion. In tne neutral- 
isation stop, hydrolysis of too sulfates can sulfonates 
pr&tont occurs in too caustic contactor; too contact time 
Is &bo«.i one hoar, fhs ayurolysis elininatee the brea sCOivn 
of toss® aoaponcats la the rerun tower, 'with the aooo**wmy- 
ing sclh corrosion, 

The toluene rerun tower delivers toluene with the fol- 
lowing characterlstioet ’’ ii ‘ paraffin content, one- half of 
one per cent, cist illation boiling poixit. range between 110,4° 
and 110,6 ‘ 0, specific gravity, 0,360, and a Cloud point be- 
low » »o° c, 

•Has ethanol la recovered in a counter-current extract- 
ion in a tower paces* with nssehlg rings. The top produot. 
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&<e c&ntioatto above, is substantially alcohol-free geaolins* 
The bottoms, carry I j 4 thirty**©*® '^r cent of aoth nol, er» 
seat to trr rsatnanel to^er, "hi eh le a twenty-plate fraotioc- 
atioa colu-rjj. The reootereu «sthanol 1# recycled la tha 
process. 

la this plant, eighty per coat of t;ta toluene present 
la the foeo stocs is racotarod* The chief losses are in the 
»aeo trope reject end In the aeie treat-neat &nft rerun steps* 
This jset.iod of oaootroplc distillation lenas itssalf easily 
to toe recovery of toluwaa froa potroletus fractions which 
contain a nigh jmresot ;*;« of arosatloa, luolucing toluene* 
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Cat&iyote for p»tr*liu» refining have bcou developed for 
wa^ coat it ion* of uxe* *or iastaaoe, twr* *n aydrogoii* 
»tiaft catalyst* a* **11 as u#jyaro£j acting ones, cyolisatioa 
catalyst* aao Catalysts to Or®**: eosit a riag stricter®, ~ost 
catalyst* are a«Y*10i-ou for a specific res.ctioa. ^tiv petral- 
*u,a catalysts consist of a iargs variety of clay*, tbs** 
eata.yst* kSoally contain sw-tallfe co^powaos fora*# witrt 
octal* of tie f sarin, fifth &co slat* groups of tit* pariouio 
coart of ea* 0 ® at*, .oo«t eo*poaiuis i l&rgsly oxlda*J arc 
•atpacdtftu on *oat Is cu®«a a* a Carrier or supper to* , aoica 
consists of activatcu silio.? or aiuaina. Tn i* -#aole sstaUure 
1» forvja iato £>•*<&*, pa lists, graaoiaa, clay or oust accord* 
lag to tii* ty*x of pro®*** is aoiou it is to is u»*d, 'itio 
soothofi of preparation of ias*« catalyst* i* Tory important, 
*irx«a ®xeest*iir» te£pc retort* oaa rain thorn for sum reactions* 
Various trace *l#aa»ts, atiawc a* proctors, smy ba cddscu 
Sues® aelg to *ogrs.gnto ts® reaction for -sbicfs toe catalyst 
is assignee from otoer* for rbica too parent oxiea i**y b© 
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Groaao, Worrell usd of t he Universal Oil 

■Products uj.up&ny, are responsible for the illustration in 
Curve II, s>ii£u 56# Shis curve illustrates the effect of 
t.oe n& turn of toe different .’*stol» used as the catalyst or* 
to* activity of t;iu catalyst for d® hydrogens ting ,nd cycl- 
islng aersml heytans to produce tolurne. Greater activities 
of catalysts and larger apece-tlraa y la Ids my bo obtaineo 
with mixed Catalysts containing two, throe, or oven jsoro 
dehydrogenating natal oxiaett# Curve II illustrates tie re- 
sults of specific dshyoriHi/oliMtloa of normal heptane at 
SCO 0 0 by variau® aixtares of chroaiu/n, Vt»a*dia® and ooiy- 
baoaaa* 'foe vasMMiiua-ia?lybd«ausi catalyst la alvfiyc lower 
lo activity tana is toe symple chromium catalyst# ?Sa 
mixture of ail tores prove* to be the best* as might be 
expected, although the results were not additive on a 
simple scale# 

m 

Arcaitula ana erven sfeiuer, of the iheli ucvclop- 

meut wosyecy, are responsible for the reasiaing curve*, 
fable ill, page b7, is a coapiiatioa of data given in 
their article*"' and serves to identify the various catalyst 
MMsfeyrc anc the composition;* of these catalysts# Chrouius 
oxleo-alanina catalysts are prepared by one of tvo mjtuodsj 
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TOLUENE IN LIQUID PRODUCT 
MOL PERCENT 




Toluene with 
Meta / Oxide Catalysts 
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'Cr 2 C> 3 -Harshaw A^C^tCatalyst 163) 
HCi^Oj-Calcined Alorco AI 0 O 3 (167) 
7 6 r 2 63 “ Calcined HarshawAI 2 CT 3 (168) 
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2 3 4 5 6 7 0 9 10 II 12 13 14 15 

ELAPSED TIME, HOURS 

Effect of Calcining Alumina for 6 
Hours (700° C) on Cydization Activity 

of Catalysts (n-Heptane as Feed) 
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Catalyst 

JKaaber 


(3) 

hi' 

Catalyst Co&j-oaifciona 

Co®g*aitim (’ffelgat 
percent of elements) 


xm 


16*7 Or/ alpo» AljOj^dgO 


44 


O.Gi# w«/ 10*6 Cr/alpoa LlgO^.HgO 


61 


1*0 i£/lG .6 Cr/aipbo. AlgO-j'UjO 


111 


0*?6 'v*/ 1.06 i{/l«$*7 Cr/alpa* AlgQ^itg 


XU 


0.67 C*/i.i4 Vli.l Or/gaes^ A1 £ 0 

(so 4 o.ooe* of cro 3 ) 


116 


1*14 K/12.1 Cr/gassaa AL,0 3 


1£2 


0*£1? Ll/12.6 Cr/gaiscaa Al^G, 


1»» 


0.66 C*/l.U 1 / 10.6 Gr/gaa*a& Li- 0 ,. 
( ;: 0 4 0.062* of CrOjl 


HO 


0.57 Je/2. 14 6 /iQ.Q Cr/gwwa AlgO^ 
l 0 «£?]pi of OrOg) 


1*0 


0.71 Oa/1.16 l/ll. £ Cr/gfMwa AlgO^ 


lit 


0*4 Os/ll.S Cr/gsusca UgO, 


162 


12*2 Cr/Alarco H 3 O 5 {algtta) 


nz 


10. Y Cr/Kwca&ff AlgO*. (gfca.ua} 


166 


0*71 C«/l*18 l/ll.S C r/g&am Ai £ Q, 
(S0 4 6.0'/ Of CrOj) 


16? 


10*6 Cr/Calcioad a loro AlgO^ (&«*■&} 


160 


11.0 Cr/CalclQ *6 fiars&sw AlgO s (fab;* 


lYl 


0*67 Co/i.il X/ 10*6 Gr/ gaaest AL,0 ~ 
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eojHNiclpitsitiOfl of the hydroxides of chrosla® and niacin* or 
iapregnation of alueina with a solution of cirouic s* old or 
h chroalc salt* In both casus too tutorial is subsequently 
calcined to remove water and volatile acids# 

ids JU«»rut»-*atlo» method is simpler, nnc under too e> ed- 
itions of preparation aau alto tea proctors to &« discussed* 
it rssuutfc in x catalyst squalling or exceeding th* activity 
of tasfio auob by eeprecipitatioa of onroalasa &og alexinuai 
oxiuee* vae carriers a sod were fclphu or &3haite( 

gnanm the smhyerous fora of tSbatiej and alpha &l 2 0. * 

or corundum* the natural or synthetic high-t zapsraturo fora. 

Activity lasts vers ordinarily aciaa undvr too following 
conditions* In the pro sen tat Ion of tost results* any dev- 
ittCioa free tnsso et&nu&rde arc indicated* A temperature of 
4*0® C, * Wo spheric pressure * catalyst feed used was 16 inches 
, long ane five eighths of «us inch in disaster with an axial 
thersweell* t os catalyst voia.au was sixty-nine cubic esati- 
aetara. Me liquid feea rats «ras twonty-f Iva .ail ill iters 
per hour aaa toe liquid hourly space velocity {’ LIZV ) was 
anlntnkioc at 0.1# volunsc per volua** of catalyst specs per 
hour* 
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Curve HI, page 5C, sbo*-* tii s affect of calcining tba 
sluniaa used » the estftiyat aapport for sis boar# at 700® 

C on tae eye ii action activity of catalysts using normal 
heptane ac tr.e feed* Xha calcined or a$aiVAl-nt carrier 
la superior. » 

Curve IT, pa go 60, illustrates the affect of two typoo 
of sapper tar? on & c e r i ua- p© t#a b i urt> c far oa i&-» 1 u*4a* catifc- 
lyst* iha two sapper Wrs, siyhs. nuu gaae^a Al^O,, wars 
tec toe alone fine showed no activity* Again, the caioiesfl 
fora 1* superior* 

Curve T, page SC, gives * comparison of catalysts for 
the C:)hyttrogoa%ti;a of ccathyl cyclohexane* t'orne catalysts, 
notably those represented by the up**r curve e, wore pro- 
auotea, while others were not. the lower sure* represent© 
the activity oarva for so un^roaoted chro»i»-aipba alanine, 
catalyst &r.d icai catos teat this catalyst i» definitely 
inferior to the others, & proa oted catalyst »nd an stapro- 
820 ted catalyst both of sbich use garisa alumina, ?h® pro- 
aoted catalyst illustrate** is superior to both of tin u»- 
proaotee catalysts after sevarni hours have passed (the 
tiao in hours represents the life of the catiuyst, i*e. 
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TOLUENE IN LIQUID PRODUCT TOLUENE IN LIQUID PRODUCT TOLUENE IN LIQUID PRODUCT 

MOL PERCENT MOL PERCENT MOL PERCENT 




E ffect of Supports on Activity 
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Cr 2 0 3 /r Al 2 0 3 (i67)- 



Ce/K/Cr 2 0 3 /YAI 2 0 3 (I50) 




Curve JE 



Cr2 ° 3/ °^rH^02H : 



8 10 12 14 16 18 20 22 24 26 28 30 

TIME, HOURS 

Comparison of Catalyst Promoters 
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tfto ordinal* corresponds to the activity of the ontalyot aft- 
er It has been on stream for too tis» indicated as abscissa* )* 

Curve VI, page bQ, saow* to* inf lu*a*e of t .* chromium 
contact on tbs CfoXiaatic.il activity of a CrgOj/alpii* AlgO-j^UgO 
catalyst. 5h* maximum conversion ia that at which the ro- 
su.ting touueae yisld tv&s tus greatest. * small audition of 
cbro-niua increases too catalyst activity sharply, while in- 
creasing amount a of ohro-aiusi ttftoed to til* ositalyat tend to 
increase t« activity linearly after tne first sharp increase* 
however, the ton and twenty-f ivo-hoar averages are acre or 
less flat af t r the chromium oontent has rosohed a value of 
throe or four per cent* 

Curve VII, page 62, illustrates the effect of sulfa to ist- 
furitia* on the catalyst activity. fhe sulfate in seems to 
bo the most deleterious of all impurities normally found in 
chromia. Catalyst 166 l see "able HI, page 57) w*<5 mdo 
a<., ting sulfate to the ootalyet. 'mall amounts of culfato im- 
parity dear ease toe activity marasiily. 

Curve VIII, page 62, shows the effect of Various &2,<ali 
mots.1* as preauotors on a Cr^O^/ gamma Al-O;* catalyst I12,;p->r 
coot ohroaiuta o« a g&M* airier with 0.028 sole of tbs a I se- 
al! fastal indicated auded per 100 ml* of catalyst). Lithium 
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MOL PERCENT MOL PERCENT MOL PERCENT 





TIME, HOURS 

Effect of Alkali Metals as 

Promoters 
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rtduocts the activity, while both potassium and cesium in- 
crease It greatly* Clio promoted catalysts sho* a period of 
Induction. of about four hours, wbila the activity of the un- 
promoted catalyst falls steadily fr^a th® very beginning of 
too reaction period. 

Carve IX, page 6£, Illustrate* the same effect s of cerium 
and potassian on too coroaia-aluraiiia catalyst as proaotsra. 

She Incuctioa period is clearly illustrated in the expanded 
tlflc teal® over that of Curve Till, As stated before, tb* 
Induction period lasts for about four soars. 

Carve X, page &4, illustrates tbo effect of t .a potassium 
oo.ioau traitor* of toe caros is- garaea alu-aitis. catalysts. The 
•’hajap-baCfced'' curve is characteristic of all average convers- 
ions. X potassium oonsentretion of tea to signless mol per 
100 laole of caroaiaa give* tn® ©est activity. 

Carve XI, page 64, illustrates toe effect of c^riara and 
-potassium on a chronis-slpha alumina catalyst »• promoters. 

The effects iilastratse In Carve IX, page 6fi, are on a gtsas* 
alumina cstul/st carrier. The ssjrc deductions can bo dram, 
that ,rora dra a for Curve IX. 
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TOLUENE IN LIQUID PRODUCT TOLUENE IN LIQUID PRODUCT TOLUENE IN LIQUID PRODUCT 

MOL PERCENT MOL PERCENT MOL PERCENT 




MOLS K PER IOO MOLS Cr 

Effect of K Concentration 



20 



Ce/K VCr',0^/g'Alo'0W J lo0'(lll)' 




Curve JET 



_ H 2°H4) v 

2 0 3-H 2 0(l62)^ : ^~ 



D 2 4 6 8 10 12 14 

Effect of Ce and K Promoters 




Effect of Temperature and 
Space Velocity on Catalyst Life 



Curve XIX, poga 64, aaose tue effect of temperstare 
ana space velocity on tha catalyst life, The foec was ectnyl 
cyclohexane -ad the o-talyst a sad was noastoer 150 (««e Table 
III, page 5?}» Silo beet curve is for <t liquid dourly space 

9 

velocity of G*Sd &nu a reaction topper tt«rj of 4'uQ C, 
o.eep..ad the cpsoe velocity sacs test ially cocstsct ccd vary- 
ing the temperature results 1c a oecreon in catclyet life 

» 

for sa increase in te-oporoture, as obu*n for tse t o curves 
with a liquid hourly s^ace velocity of 0«?£ aau reaction 
tecapsr -taros of 4!^ and 6.-0° C, respectively. Increasing 
tee space velocity ha* o aar<c#d effect ©a the catalyst life, 
a* illustrated fey the curve of ll..uid lioariy 8,,-acc velocity 
1*44 caa reaction to~ap®r»turc 550 0* -aca ea lucre aso In 
the » «aco velocity appreciably lowers toe life of tin catalyst. 

Qtxrve XIII, j&gs 06, illustrates tae effect of tharu&i 
crae<cin& ca the r*v feeds, aorostl heptsu© sad autisyl cyclo- 
hexane. i&e ov*ip£*o&t used in the teste 'outlined sfeov® con- 
sistuu of s sntteAeee steel reaction cax-aeer. .doroforc, 

® tae real crooking test sr&e aade on the aopty on.«awer to 
detoraisje tae suioact of lows of feea fey taer«ai oracling, 
it a<ay a a eee® taut tee loss of auras,! n«puw*e to ther-stl 
cracking at t reaction tu-por^wro of tae aouvo tests 
(4 p 0° 0 } is less tttoa four per coat, *u.u t.ist of aotoyl 
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LOSS TO THERMAL CRACKING, VOLUME % oT FEED 




Extent of Thermal Crocking in 
Stainless Steel Tubes 
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cyclobexstw is less than or.o-h*lf of oaa per cent. *etJtyl 
cyolohoxsao ysr.vits far loss loss to thermal eracxiug at 
elevitac tesp? rat croc t u.r dooe norsal bopfcana. nevertheless, 
the tbor.aal oracling lossse are all vary io# compared to tbo 
yields of toluene obtained. 

0 o r lasr* jto t :t* 3 i uca- c hrottla-g . nm» ttlmaina catalysts can B® 
regenerated with hot air diluted wlta tm Inert gas such as 
flue &*,* at about 550° C« Sc a test run^ a drop freta 
eighty-sight psr cent to seventy-four per cent conversion 
was noted after sixty-seven regenerations (4C0 processing 
hours) or an average decline per regeneration of 0.21 per 
esnt conversion, Vhe rate of decline decreased after that 
to an average of 0.12 per cent par regeneration after 200 
regenerations 1 1200 processing hours). 'fhs» ratio of pro- • 1 
cessing time- to the ti** required to coaplately re«tov« the 
carton avposit wss about six to one for tbo oyolisatiem of 
normal heptane, and taenty to oru for to a d hydro go nation 
Of setnyl syclehoxano. Sable IV, page 68, will serve to 
illustrate tnis charaotoriotic l&mr oarboa deposition on 
the catalyst of vetnyl cyclohexane. ?or bath o^t. aysts, 
ffi-otiyl cyclohexane had cone i stoutly lower rate* of de- 
posit then normal aeptan*, although toe Issagt.o of too run 
was ten hours, or teo-tairds .aor« than taat of aortal heptane* 
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rv (3> 

Carbon iepoeHion 



Catalyst 
# Type 


feed 


lengtte 
oi' run 
hours 


Carbon 

on 

Cat* 


, weight > 
of total 
feed 


14? 


CroO^/ gasman 


&ca 


*>*. 

e*w 


l.te 


0.29 


ICC 


Ce/js/Cr^O^/ 0WU6B& 


, ,» * 


SO 


1.1 


0.17 


1C7 


Cr^Oc/go^e. 


aC^ 


10 


0.1 


1.46 


171 


te/ Or guousi 


*c ? 


10 


25.1 


0.89 



it any therefore tee seen tast the properties of any 
particular o&telyst my tea sarisd otor a wide range to aaet 
certain operating oenditioca, and a syociai ontaiyet £«y wail 
tee developed to m* t the re<<ulrea*ats of any specific reaction* 
This diacustion* of course, is not concerned wit a the coo- 
noaloa of catalyst pro emotion mm catalytic processes* 
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?'hJ.Xe Host of the to latino now stado f row petroleias Is 
derived from the hydroforaiag process, way of toe various 
^o«ini described my be adapted to to* product Ion of 
talu-.Xi® by proper selection of catalyst, fee<s stoo« and 
operating oonuitlons* feature of two or «or« proo*se«a 
•ay t»® combined. For exaople, Cvvciopauwcts assy load to 
a f luid-eotaiyst process. w&ieh operate* in -o sU<tph«n yf 
iyrdrofcen, tous combining ta«i prooass wits tise principles 
of oydroforalsg. KaturaiJy, such developments involve 
caaspi i&.xtac. iat«r“r®;ixtlos»hipa of patont rights. 
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Commercial production 
of nitration grade tol- 
uene from petroleum. 



